Fungal xylanases from Trichoderma spp. are potent elicitors of defense responses in various plants. To determine whether enzymatic activity is necessary for elicitor activity, we used site-directed mutagenesis to reduce the catalytic activity of xylanase II from Trichoderma reesei. For this, the glutamic acid residue at position 210, which is part of the active center in this family of enzymes, was changed to either aspartic acid (E210D) or serine (E210S). Wildtype and mutated forms of xylanase II were expressed in yeast cells and purified to homogeneity. Compared with the wild-type form of xylanase II, E210D had >100-fold and E210S 1,000-fold lower enzymatic activity. In contrast, these mutated forms showed no comparable drop in elicitor activity. They fully stimulated medium alkalinization and ethylene biosynthesis in suspension-cultured tomato (Lycopersicon esculentum) cells, as well as hypersensitive necrosis in leaves of tomato and tobacco (Nicotiana tabacum) plants. These results provide direct evidence that enzyme activity is not necessary for elicitor activity of fungal xylanase.
Many microorganisms that live as plant pathogens or as plant saprophytes dispose of an array of enzymes to degrade plant cell walls that include enzymes hydrolyzing cellulose, pectin, and xylan. Fungal endo-␤-1,4-xylanases are well-known proteinaceous elicitors of defense response reactions in tobacco (Nicotiana tabacum) and tomato (Lycopersicon esculentum) plants (Bailey et al., 1990; Fluhr et al., 1991; Avni et al., 1994) . When applied to tobacco or tomato leaves, these xylanases induce ethylene biosynthesis, the production of phytoalexins and pathogenesis-related proteins, and cause necrosis and hypersensitive cell death. In suspension-cultured cells of tobacco and tomato they induce rapid medium alkalinization, oxidative burst, and ethylene biosynthesis (Felix et al., 1991 (Felix et al., , 1993 Bailey et al., 1992; Yano et al., 1998) . Endo-␤-1,4-xylanases have been isolated and characterized from a variety of different plantpathogenic and non-pathogenic fungi (Tö rrö nen et al., 1992; Yagouchi et al., 1992; Wu et al., 1995; Apel-Birkhold and Walton, 1996; Luttig et al., 1997; Giesbert et al., 1998) . Several of these ␤-1,4-xylanases are active elicitors, but the xylanase from Trichoderma viride has been used most extensively to study elicitor activity of fungal xylanases (Dean et al., 1989; Yano et al., 1998) .
Due to the importance of endo-␤-1,4-xylanases for industrial applications in the pulp and paper industry, this group of proteins has been characterized in detail (Wong and Saddler, 1992) . Endo-␤-1,4-xylanases (1,4-␤-d-xylan xylanohydrolase; EC 3.2.1.8) belong to the class of glycosyl hydrolases, and within this class they have been assigned to two enzyme families: family 10 contains xylanases with a molecular mass over 30 kD and an acidic pI, and family 11 comprises xylanases with a molecular mass smaller than 30 kD and a basic pI (Henrissat and Bairoch, 1993; Biely et al., 1997) . All endo-␤-1,4-xylanases that have thus far been found to be elicitors of defense reactions in plants belong to the family 11 xylanases (Dean et al., 1989; Yano et al., 1998) . Several endo-␤-1,4-xylanases of bacterial and fungal origin that belong to family 11 have been crystallized and their three-dimensional structures determined (Campbell et al., 1993; Tö rrö nen and Rouvinen, 1995; Krengel and Dijkstra, 1996) . The overall three-dimensional structure of these proteins is very similar and has been described as the shape of a "right hand" with an active center formed by the thumb, palm, and fingers of the hand. Mutational analyses have led to the identification of two conserved Glu residues in the active center that are critical for enzymatic activity (Ko et al., 1992; Wakarchuk et al., 1994) .
At present it is still uncertain how the xylanase elicitor is perceived by plant cells. Plant cells could perceive xylanase directly by a receptor for this protein (Hanania and Avni, 1997) or indirectly via plant cell wall fragments generated by its enzymatic activity (Bucheli et al., 1990) . So far, elicitor activity and enzyme activity have not been clearly separated. Treatments that lead to losses in enzyme activity, such as treatment with protease or heat denaturation, also abolish elicitor activity. This means that the threedimensional structure of xylanase is essential for elicitor activity and that the protein is not simply recognized by its primary structure (Fuchs et al., 1989; Lotan and Fluhr, 1990) .
Indirect but cumulative evidence suggests that xylanase is recognized as a protein structure rather than via its enzymatic activity: (a) protoplasts that are lacking most of their cell walls react to xylanase (Sharon et al., 1993) ; (b) not all enzymes with endo-␤-1,4-xylanase activity are active as elicitors (Yano et al., 1998) ; (c) efforts to isolate elicitoractive cell wall fragments released by endo-␤-1,4-xylanase activity have not been successful (Dean et al., 1991) ; (d) a specific binding site for the endo-␤-1,4-xylanase protein on tobacco protoplasts has been reported (Hanania and Avni, 1997) . Even though these experiments suggest a direct recognition of xylanase, they do not exclude the involvement of endo-␤-1,4-xylanase activity in the elicitation process. The goal of this study was to determine whether enzymatic activity of fungal ␤-1,4-xylanase is necessary for its elicitor activity. We addressed this question by creating enzymatically inactive forms of xylanase II cloned from Trichoderma reesei and testing them for their elicitor activity.
MATERIALS AND METHODS

Strains, Plant Material, and Growth Conditions
Saccharomyces cerevisiae strain Y294 (MAT␣, 112, his3, (La Grange et al., 1996) was used as a host to express wild-type and mutated forms of the xylanase II gene (XYN2) from Trichoderma reesei QM 6a. Cultures were grown and maintained in complex (yeast peptone dextrose) or synthetic medium at 30°C (La Grange et al., 1996) . Recombinant plasmids were constructed and amplified in Escherichia coli XL1 Blue (Stratagene, La Jolla, CA). The tomato (Lycopersicon esculentum) cell line Msk8 was maintained and subcultured as described earlier (Felix et al., 1991) . Cells were used for experiments 5 to 8 d after subculturing. Tomato (cv Moneymaker) and tobacco (Nicotiana tabacum cv Havana 425) plants were grown in soil in a greenhouse.
DNA Manipulations and Plasmid Construction
Standard molecular techniques were used throughout (Sambrook et al., 1989 For site-directed mutagenesis by inverse PCR (Clackson et al., 1991) the XYN2 gene was first subcloned into pBluescript II SKϪ (Stratagene). For this, a BglII restriction site was introduced into the multiple cloning site of pBluescript II SK by inverse PCR using the two phosphorylated backto-back primers AGATCTATCGATACCGTCGAC and AAGCTTGATATCGAATTCCTG. The reaction conditions were as follows: 100 ng of template DNA, 0.25 m of each of the primers, 0.2 mm dNTPs, and 5 units of Pfu DNA polymerase (Stratagene) in Pfu reaction buffer. After an initial denaturation step of 1 min at 95°C, 25 cycles of denaturation, annealing, and polymerization were carried out for 45 s at 95°C, 45 s at 50°C, and 6 min at 72°C, respectively. The amplified DNA fragment was purified and self-ligated, resulting in plasmid pBSBlgII. pDLG5 was digested with BglII and EcoRI, and the XYN2 fragment was isolated. XYN2 was ligated into pBSBglII, resulting in plasmid pXyn2. Mutations of amino acid E210 to S and D were introduced in pXyn2 using inverse PCR amplification with back-to-back primer pairs containing a mutation in the forward primer (E-S forward primer GCCGTGTCGGGT-TACTTTAGCT; E-D forward primer GCCGTGGACGGT-TACTTTAGCT). The reverse primer for both amplifications was GGTTGCGGGACCAGCCGTAC.
The reaction conditions were as described above except that the elongation time was 8 min. Amplified fragments were isolated and self-ligated, resulting in plasmids pXynES (E-S) and pXynED (E-D). Mutations were confirmed by sequencing the inserts of pXynES and pXynED. pXynES and pXynED were digested with BglII and EcoRI, the mutated XYN2-containing fragments were isolated and ligated into the expression vector pDLG1 (La Grange et al., 1996) . The resulting plasmids were termed pE210S and pE210D, respectively. Plasmids were transformed into S. cerevisiae Y294 using the lithium acetate method (Gietz et al., 1992) and selected on synthetic medium minus uracil plates.
Protein Expression and Purification
Recombinant S. cerevisiae (200-mL cultures) were grown for 4 d in yeast-peptone-Gal medium (1% [w/v] yeast extract, 2% [w/v] peptone, and 0.8% [w/v] Gal) at 30°C on a rotary shaker at 250 rpm. Cells were removed by centrifugation (10 min at 8,000g) and the supernatants were dialyzed against water in tubing with a molecular cutoff of 6,000 to 8,000 (Spectra/Por, The Spectrum Companies, Gardena, CA). Dialyzed supernatants were pre-purified by passing over cation-exchange resin (SP Trisacryl M, Sepracor-IBF Biotechnics, Villeneuve-la-Garenne, France) at pH 4.5, and eluted with 500 mm NaCl. After dialysis and lyophilization, the pre-purified xylanase preparations were dissolved in 10 mm citrate buffer, pH 4.5, and separated on a MonoS FPLC column (Pharmacia Biotech, Uppsala) using a gradient of 0 to 500 mm NaCl for elution. Fractions used for further experiments were dialyzed as described above.
Enzyme Activity Assay
Endo-␤-1,4-xylanase activity was measured using the modified dinitrosalicylic acid method (Bailey et al., 1992) . 4-O-Methyl glucuronoxylan (product 7500, Roth, Karlsruhe, Germany) was used as a substrate at a concentration of 1% (w/v) and increases in reducing sugars were determined after 5 min of incubation. Samples were measured in triplicate at different dilutions and activity was derived from linear regression analysis.
Assays for Elicitor Activity
The extracellular alkalinization response was measured in suspension-cultured tomato cells using a small, combined pH electrode (Metrohm, Herisau, Switzerland) as described previously (Felix et al., 1993) . Alternatively, extracellular pH values were measured 15 min after the addition of test substances to 1-mL aliquots of the cell suspension. For these assays, cells were incubated in 24-well tissue-culture plates on a rotary shaker at 200 rpm.
Induction of ethylene biosynthesis was assayed as described previously (Felix et al., 1991) . One-milliliter aliquots of the cell suspension (approximately 0.2 g fresh weight) were transferred to 6-mL glass tubes and the elicitors to be tested were added. The tubes were closed with rubber septa and ethylene accumulating in the free air space was measured by GC after 4 h of incubation on a rotary shaker.
For testing the induction of necrosis, preparations were injected through the lower leaf surfaces of tomato (5 weeks old) or tobacco (7 weeks old) plants with a 1-mL plastic syringe without a needle. For every site of injection, leaves were treated with 30 L of the preparation to be tested and photographed after incubation for 6 d at 25°C (12 h of light/12 h of dark).
Reproducibility
The results shown in the figures represent single experiments representative of at least three independent repetitions.
RESULTS
Wild-Type and Mutant Forms of Endo-␤-Xylanase from T. reesei
The XYN2 gene of T. reesei encodes a 223-amino acid proprotein (Saarelainen et al., 1993) (Fig. 1) . The N-terminal sequence codes for a 33 amino acid secretion signal that is proteolytically cleaved off, resulting in a 190-amino acid mature xylanase II protein. Like other family 11 type endoxylanases, the enzyme of T. reesei has two conserved Glu residues at positions 119 and 210 (Saarelainen et al., 1993) (Fig. 1 ). For xylanases from Bacillus pumilus and Bacillus circulans, these Glu residues have been shown to be crucial for enzymatic activity (Ko et al., 1992; Wakarchuk et al., 1994) . We used site-directed mutagenesis to change the codon GAG coding for the Glu residue at position 210 to either TCG, coding for Ser, or to GAC, coding for Asp (Fig.  1) . The mutated XYN2 genes were then inserted into the expression vector pDLG1 (La Grange et al., 1996) to form plasmids pE210S and pE210D, respectively.
Wild-type and mutated xylanase II proteins (termed E210D and E210S) were expressed in S. cerevisiae grown in liquid culture. When analyzed by SDS-PAGE, the culture filtrates of these transformed yeast cells were found to contain proteins migrating with apparent molecular masses of 26 and 21 kD that were not present in the supernatants of untransformed yeast cultures (Fig. 2) . Expression of XYN2 from T. reesei in yeast cells has previously been shown to cause the secretion of a glycosylated form of xylanase II migrating with an apparent molecular mass of 26 to 27 kD (La Grange et al., 1996) . Deglycosylation of this protein resulted in a protein migrating at 21 kD, which corresponds to the molecular mass of the mature polypeptide with 190 amino acids. For further experiments the major, glycosylated forms of the xylanase II molecules were purified by cation-exchange chromatography on a MonoS FPLC column (Fig. 2) .
Enzyme Activity of Wild-Type and Mutant Forms of Xylanase II
The purified wild-type and mutant forms of the T. reesei xylanase II were assayed for their endo-␤-1,4-xylanase activity by detecting the production of reducing sugars from 4-O-methyl glucuronoxylan. Mutant forms of xylanase had drastically reduced enzymatic activities compared with the wild type (Fig. 3) . In further experiments with highly increased concentrations of purified proteins (10 g), low but significant residual activities could be detected in the mutated forms of xylanase (Table I ). The specific enzyme activity of mutant E210D was 0.8% and that of E210S was 0.1% of the wild-type activity.
Early Elicitor Responses Induced by Wild-Type and Mutant Forms of Xylanase II
Medium alkalinization has been reported as a rapid response of suspension-cultured cells to treatment with xylanase preparations from Trichoderma viride (Bailey et al., 1992; Felix et al., 1993) . Medium alkalinization was also [La Grange et al., 1996] ). The first 33 amino acid residues (underlined) constitute the cleavable export signal. The two Glu residues essential for enzyme activity and conserved in all family 11 xylanases are highlighted (positions 119 and 210). B, Sequence of cDNA coding for xylanase II in the region coding for Glu 210. Primers used for inverse PCR to change the codon for Glu 210 to codons for Asp (E210D) or Ser (E210S) are indicated by arrows.
observed after treatment of suspension-cultured tomato cells with preparations from yeast transgenic for the wildtype and mutant forms of xylanase II from T. reesei but not after treatment with corresponding protein preparations from non-transformed yeast cultures (data not shown). Alkalinization of the culture medium, measured as the extracellular pH reached after 15 min of treatment, was a steady, sigmoid function of the dose of elicitor applied (Fig.  4A) . The wild-type form of xylanase II stimulated the alkalinization response half-maximally at 0.12 g/mL ( Fig.  4A ; Table II) or, based on an estimated molecular mass of 26 kD, at a concentration of approximately 5 nm.
The mutants of xylanase II were potent elicitors of the alkalinization response as well, and the concentrations required for half-maximal induction were only approximately four times higher than for the wild-type form ( Fig.  4A ; Table II ). Medium alkalinization induced by the wildtype and mutant forms of xylanase II showed the characteristics observed for the induction of this response by xylanase purified from T. viride (Felix et al., 1993) . In particular, activity was completely inactivated by heat treatment (5 min at 95°C) and, when compared at saturating doses in the same batch of cells, alkalinization started after the same lag phase of approximately 3.5 min and resulted in the same maximal pH increase (data not shown).
Xylanase from T. viride has been observed to stimulate ethylene biosynthesis in tobacco plants (Fuchs et al., 1989) and in suspension-cultured cells of tobacco and tomato (Bailey et al., 1992; Felix et al., 1994) . The purified xylanase II proteins from transgenic yeast were assayed for the induction of ethylene biosynthesis in tomato cell cultures (Fig. 4B) . The wild-type and the two mutant forms of xylanase II were potent elicitors of ethylene biosynthesis (Fig. 4B) , whereas no comparable induction of ethylene biosynthesis was observed with the corresponding protein preparations from non-transformed yeast cultures (data not shown). The dose-response relationships for the two mutant forms of xylanase II were very similar to those observed for induction of the alkalinization response described above, and half-maximal induction occurred at concentrations of 0.28 g/mL for mutant E210S and 0.45 g/mL for mutant E210D ( Fig. 4B ; Table II ). In contrast, the wild-type form of xylanase II was less efficient as an inducer of ethylene biosynthesis, and half-maximal induction was only observed at a concentration of 1.40 g/mL (Table  II) . Nevertheless, all three xylanase II proteins induced the same maximal level of ethylene biosynthesis when applied at saturating doses of Ͼ10 g/mL (Fig. 4B) .
Apparently, the enzymatic activity of xylanase negatively affected its activity as an inducer of ethylene biosynthesis. This effect was also apparent by comparing the ethylene-inducing activity of mutant E210D with that of mutant E210S. Mutant E210D retained a somewhat higher residual activity than mutant E210S, and was also slightly less efficient in inducing ethylene biosynthesis (Table II) .
In summary, the wild-type form of xylanase II as well as the two mutant forms, E210S and E210D, were potent elicitors of rapid responses in tomato cells, and the minor differences in efficiency as elicitors did not reflect the major changes observed in enzyme activity.
Elicitation of Necrosis by Wild-Type and Mutant Forms of Xylanase II
Xylanase from T. viride has been reported to induce necrosis when injected into tobacco leaves (Bailey et al., 1990) . Purified wild-type and mutant forms of xylanase II were injected into tomato and tobacco leaves to test their capacity to induce necrosis. All three forms of xylanase II induced necrosis (Fig. 5, A and B) . In tomato leaves necrotic areas became visible 2 d after injection, whereas in tobacco leaves the areas injected with xylanase II forms turned light green within 2 d and necrotic spots started to develop 3 d after injection. Injection of water did not result in any visible symptoms in tomato or tobacco leaves. Also, no symptoms were observed in leaves of either plant species injected with heat-denatured xylanase II forms (5 min at 95°C) or with corresponding protein preparations from non-transformed yeast cultures (data not shown). Injecting wild-type and mutant E210S xylanase II at different concentrations into tobacco leaves revealed that the lowest concentration that induced necrosis was 1 g/mL for the wild-type form and 5 g/mL for the mutant E210S (Fig.  5C ). Thus, as observed for the alkalinization response, the mutant form appears to be slightly (approximately 5-fold) less effective than the wild-type form.
DISCUSSION
Plants have evolved systems to monitor the intactness of their cells or tissues, and they respond to wounding or pathogen attack with the induction of protective responses. Detection of injury can occur via endogenous, plantderived products such as pectic fragments (Collmer and Keen, 1986) , cutin monomers (Schweizer et al., 1996) , or, in the case of solanaceous plants, specific wound hormones such as systemin (Ryan, 1992) . Detection of cell injury could also occur via detection of cell wall loosening, e.g. by sensing changes in turgor pressure or via the activation of stretch-activated channels. Yet another possibility to detect potential pathogenic invaders lies in the perception of chemical cues, also termed elicitors, that are characteristic for the invading microorganisms. Highly specific and sensitive perception systems for a variety of elicitors have been described (Boller, 1995) .
The goal of this study was to determine whether enzymatic activity of fungal endo-␤-1,4-xylanase is necessary for its elicitor activity. We mutated amino acid 210 of xylanase II from T. reesei from Glu to either Ser or Asp. While these mutations drastically reduced the enzyme activity, they did not affect elicitor activity in a comparable manner. The mutated forms of xylanase II were still active as elicitors of extracellular alkalinization and ethylene biosynthesis of tomato cell cultures, and of necrosis in tomato and tobacco leaves. Although the mutations of Glu 210 resulted in slightly altered elicitor activities (e.g. approximately 4-fold lower for induction of the alkalinization response) these changes did not reflect the much bigger reductions in enzyme activities (Ͼ100-fold). These results Figure 5 . Induction of necrosis in tomato and tobacco leaves. Tomato (A) and tobacco (B) leaves injected with wild-type (WT) and mutant forms (E210S and E210D) of xylanase II and water as a control. Leaves were injected with xylanase preparations at a concentration of 1 mg/mL for tomato leaves and 10 g/mL for tobacco leaves. C, Tobacco leaf injected with different concentrations of wild-type and mutant E210S xylanase as indicated.
clearly demonstrate that enzymatic activity of fungal endo-␤-1,4-xylanase is not necessary for its elicitor activity and, together with the recent observation of a specific binding site for endo-␤-1,4-xylanase on the surface of tobacco cells (Hanania and Avni, 1997) , they show that the elicitor activity is solely based on the specific recognition of the xylanase protein.
The mutant forms of xylanase II were slightly less active in eliciting extracellular alkalinization of tomato cell cultures and necrosis in tobacco leaves. At present we have no explanation for this effect, but mutation of the Glu residue might cause an alteration in the overall structure of the protein, or the Glu residue might be part of the recognition site used by the putative plant receptor for xylanase. Structural analyses of xylanases from B. circulans and B. pumilus mutated at the corresponding Glu residues have demonstrated no major alterations in the overall structure of the proteins (Ko et al., 1992; Wakarchuk et al., 1994) .
Interestingly, the mutant forms of xylanase II were more effective than the wild-type form as elicitors of ethylene biosynthesis. The dose-response curves for the two mutant forms were very similar for induction of both extracellular alkalinization and stimulation of ethylene biosynthesis. In contrast, induction by the wild-type form had a different dose dependence, and the concentration necessary for halfmaximal induction of ethylene biosynthesis was 10-fold higher than for induction of the alkalinization response. A closer look at the dose-response curve shows that wildtype xylanase did not follow a simple sigmoid function for ethylene induction. Rather, the wild-type form was as active as the mutant forms at lower concentrations and less active at higher concentrations. Apparently, induction of ethylene production appears to represent a combination of a positive elicitor effect of the xylanase II protein and a negative effect of xylanase II enzymatic activity.
There are two mechanisms that could explain a negative effect of enzymatic activity. First, xylanase activity might release harmful or inhibitory fragments from the cell wall. Indeed, the release of toxic cell wall fragments has been reported in maize cells treated with a xylanase isolated from Magnaporthe grisea (Bucheli et al., 1990) . Second, the enzyme might harm or inhibit the cells by changing the integrity of certain components in the cell wall or at the plasma membrane interface without actually releasing active fragments. However, the enzymatically active wildtype form of xylanase did induce full induction of ethylene biosynthesis when added at higher doses, a finding that argues against a generally inhibitory or toxic effect of the xylanase activity. Alternatively, one could speculate that putative xylanase substrates in the plant cell walls could act as binding sites for the enzymatically active xylanase and adsorb part of the xylanase molecules. However, since the wild-type form of xylanase is actually more efficient in the induction of the alkalinization response, this does not seem to provide a straightforward explanation of the experimental data. Differences in the kinetics of induction or in the stability of the different forms of xylanase could provide explanations for differences in the rapid alkalinization assay measured after 15 min and the slower induction of ethylene biosynthesis measured after 4 h. Further investigations are necessary to determine whether there is really a negative effect of xylanase activity on plant cells in culture and whether such an effect also occurs in planta.
Xylanase II proteins described in this report and xylanase purified from T. viride induce elicitor responses such as medium alkalinization and ethylene biosynthesis with similar kinetics and maximal responses. However, on a per-weight basis, xylanase from T. viride appeared to be approximately five to 10 times more efficient than the xylanase II of T. reesei expressed in yeast. Xylanase from T. viride and xylanase II from T. reesei are structurally very similar, and the amino acid sequences differ at eight positions only (database accession nos. A44595 and S67387). At present, we cannot distinguish whether the differences in elicitor activity are due to differences in the amino acid sequences or whether they originate from differences in protein modification, such as glycosylation in T. viride and yeast. Although preliminary results with xylanase II from T. reesei expressed in E. coli indicate that glycosylation is not essential for elicitor activity (J. Enkerli, unpublished results), glycosylation might have a modifying effect on the elicitor activity of xylanase. Detailed studies (e.g. replacing single amino acids in xylanase II from T. reesei) will be necessary to investigate the basis for the differences in elicitor activity between the various xylanase proteins.
Xylan is part of the complex hemicellulose fraction of plant cell walls. The actual composition of hemicellulose varies from species to species, and so far it is unclear whether tomato or tobacco cells grown in suspension cultures contain xylan in their cell walls that could serve as a substrate for endo-␤-1,4-xylanase. Efforts to release watersoluble reducing sugars from tobacco plants (Dean and Anderson, 1991) or suspension-cultured tomato cells (M. Bü rgin, personal communication) by the action of endo-␤-1,4-xylanase have not been successful. The inhibitory activity of enzymatically active xylanase on ethylene biosynthesis observed in this report could provide the first evidence for a possible substrate present in the cell walls of tomato cells.
Several microbial cell wall-degrading enzymes have been recognized as elicitors of plant defense reactions (Walton, 1994) . Among these, fungal xylanase is the only example known so far that exhibits its elicitor activity not through its enzymatic activity but rather by being recognized directly. Identification of the epitope of xylanase II protein of T. reesei responsible for its elicitor activity will provide the basis for an understanding of the interaction of proteinaceous elicitors with their respective binding proteins in plant cells.
